Journal of
Advanced Civil and Environmental Engineering
E Vol.4,No.2, 2021, pp 93-103
ISSN: 2599-3356

Comparison of Stress-Strain Relationship for Confined
Concrete Using Two-Dimensional Fiber-Based Cross-
Sectional Analysis

Nia Dwi Puspitasari'” and Aulia Dewi Fatikasari!

'UPN “Veteran” East Java, Raya Rungkut Madya Gunung Anyar, 60294, Indonesia

* Corresponding author: nia.dwi.ts@upnjatim.ac.id

(Received: September 15™ 2021 ; Revised: October 9" 2021 ; Accepted: October 215 2021)

Abstract: Stress-strain relationship is the main parameter to identify the strength, ductility and behavior of
the structure. Various constitutive models were created in order to simplify the analytical approach of
concrete behavior. In this paper, the behavior of reinforced concrete column is modeled using Attard and
Setunge’s (1996) and Mander’s (1988) stress-strain constitutive model. The appropriate model for
reinforced concrete column was determined based on the existing experimental data. Two-dimensional
simulation of reinforced concrete column using fiber-based cross-sectional analysis in MATLAB is sighted.
And the performance of the reinforced concrete column from the experimental data is compared with the
analysis result from the simulation. There are two comparation methods used in this research. The first
method is to compare the linear regression with the reference line. The smallest degree between the linear
regression and the referrence line is expected. The second method is to compare the Root Mean Square
Defiation (RMSD) value. The smallest RMSD value is expected to get the most suitable constitutive model
compared to the experimental data. From the computational process, it was found that Mander’s
Constitutive model is preferred to be used in further analysis problem concerning reinforced concrete
column.
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1. Introduction

It is clearly important to have accurate information concerning the complete stress-strain curve of
confined concrete in order to perform a reliable moment-curvature analysis to assess the available
ductility of columns with various transverse reinforce arrangements [1].

Mander et al [1] model was calibrated using a realistically sized test columns with longitudinal
reinforcement and restrained concrete. As a result, the stress-strain relationship based on
empirical data is derived. These models depend on the effective area of the column core.
Assuming that the column cover will spall off during the test. The scale effect of the tested
columns and the presence of the longitudinal reinforcement usually provides the largest
estimation of the increase in strength as compared to other research models.

Attard-Setunge’s [2] model was determined from a standard triaxial test. The confinement model
based on the triaxial test does not observe the assumption of cover spalling. However, the triaxial
test replaces confinement of cylindrical specimen with fluid pressure compared to either spiral or
column confinement. Fluid pressure becomes active confinement which has a more constant value
than passive confinement. Whereas passive confinement depend on the lateral dilatation of the
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axial load and the characteristics of the confining steel. Richard et al [3] compared the responses
between active and passive confinement and found similar behavior. To further investigate the
effect of steel fiber on reinforced concrete column, numerical simulation using fiber-based
nonlinear sectional analysis in MATLAB were used.

2. Collecting Data

The initial step of the research is by collecting data, which consist of reinforced concrete
specifications and axial stress-strain curves from loading test. Table 1 shows spesification of
reinforced concrete column collected from the available experimental test in the literature [4-6].
The data consist of axial stress-strain relationship as the result of axial loading test in various
rectangular reinforced concrete column. By comparing the experimentally found curves with
those estimated by Attard-Setunge’s [2] model and Mander’s et al [1] model, the most suitable
model can be obtained to simplify further research about reinforce concrete column. Therefore, a
numerical simulation were performed based on the model and spesification of each column. The
simulation using fiber-based nonlinear sectional analysis in MATLAB were used to obtain axial
stress-strain relationship. Furthermore, there are three stress-strain relationship can be compared.
From the experimental data, also from numerical simulation using Attard-Setunge’s [2] model
and Mander’s et al [1] model.

Table 1. Summary of experimental data from previous researchers.

Longitudinal Transverse
Researchers Reinforcement Specime f. Ren?forcement 'Remforcement
arrangement n ID n Dia. Vil Dia. Spacing [

(mm) (MPa) (mm) (mm) (MPa)

5D 99,9
i 6D  113,6
Mitchell and 20 480 10 65 309
Paultre [4] D 67.9
235x235 8D 55,6
C-1-A6
8 24 394
C-1-A7
Xiang Zeng 450 x 450 253 1o 72 309
5
> C-1-B2
C-1-B3 1220 434
C-1-B15 2438 12 64 296
2-C-SC 61,85 520
[] 2-C-SA 622 4 412
2-C-SH 81,8 520

Sharma et al 150 x 150
(6]

12 395 8 50

{‘} 2-C-SD 6335 8 412

150 x 150
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3. Processing Data

The next step is by processing data into MATLAB program. In this method, a two-dimensional
nonlinear cross sectional analysis with fiber-based model is performed. The analysis was
simulated using the computer program code in MATLAB [7]. The reinforced concrete column is
loaded under axial concentric compression. It can be run by entering all of the reinforced concrete
column spesifications from Table 1 into the program. This program requires a constitutive model
to represent the behavior of column sections. The output of this program includes moment-
curvature relationship, load-deflection relationship, column interaction diagram and stress-strain
relationship that can be extracted from the analysis results. However, in this paper, only the axial
stress-strain relationship is obtained from the computational process. It can be used to compare
with existing experimental data from various researchers. Based on the previous explanation,
there are two types of non-dimensional mathematical models for stress-strain curve of concrete
to be compared.

3.1. Constitutive Model by Mander et al [1]

The first one proposed by Mander et al [1] which has general solution for the confined
compressive strength as follow:

_ foxer
r—1+x"

(D)

Where f, is compressive peak stress of confined concrete from the equation below. And the
constants x is given by:

x=— )

7 =f‘c[‘1'254+2'254 1+7‘9;"fr —2;: J ©)

The /7. value is obtained from the compressive peak stress of unconfined concrete. And lateral
confining pressure ( f-) depends on the configuration of transverse reinforcement. Where ¢, is
longitudinal compressive concrete strain from the equation below

/.
= 1+5] ==-1 4
g, g{ + [f'c ﬂ 4)

And the constants r is given by:

p=—— ®)
E. is the tangent modulus of elasticity of the concrete. And E.. is the ratio between f; and &,.

3.2. Constitutive Model by Attard-Setunge [2]

The second one proposed by Attard-Setunge [2] which has general solution for the confined
compressive strength as follow:
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2
Y= AX + BX : ©)

1+CX +DX
y=L x-£ 7

o £,
For the ascending curve under confinement in compression, the constants are given by:
A — En‘ ) ‘90 (8)
1
_ (A-1) N A, (I-a) 1 ©)
0{1_ 0,4511] 20457, (1_ 0,45f1]
fo o fo

C=4-2 D=B+1 (10)

E; is the initial tangent modulus at zero stress. And E. is the tangent modulus of elasticity of the
concrete. Where « is the ratio between E; and E..

For the descending curve under confinement in compression, the constants are given by

Y| EuTé }{ &,k 4gE, } T
{ @ |- 1) 0
{ E AE, } 12

o f,—-f) (- fzJ
C=4-2 D=B+1 (13)
El:f Ezl.:% (14)

Where E; is the tangent modulus at the first inflection point. And E>; is the tangent modulus at the
second inflection point. The stress and strain at the first inflection point defined by f; and &. The
stress and strain at the second inflection point defined by /> and ¢2;. The value of compressive
peak stress (f,) of confined concrete can be calculated from the equation below:

g [1 lj" s
7. (f,+ ()

The /. value is obtained from the compressive peak stress of unconfined concrete. The lateral
confining pressure ( f- ) depends on the configuration of transverse reinforcement. With f; is the
tensile strength of concrete. And the constant & is:

k—125{1+0 062- ;}(f)“lMPa (16)

c
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3.3. Run MATLAB Program

Furthermore, run the MATLAB program, based on the spesification of each specimen ID and
mathematical models, to obtain the stress-strain curve of the reinforced concrete column. For
example, experimental data with specimen ID 2-C-SC whose concrete compressive strength of
the reinforced concrete column was 61,85 MPa. The reinforced concrete column is loaded under
axial concentric compression. The cross-sectional shape of the column is a square column with
150 mm width. The concrete cover is set to 10 mm based on the existing spesifications. The
number of longitudinal reinforcement used is set to 4 with 12 mm of diameter. The pitch spacing
of the transverse rebar is set to 50 mm. The diameter of the transverse rebar is 8 mm with the total
leg number in both x and y direction is 2. The longitudinal reinforcing bar have a yield strength
(fy) of 395 MPa. And the lateral reinforcing bars has a yield strength (f,) of 520 MPa. Fig .2 shows
the discretized cross section of the reinforced concrete column meshed with the constant strain
triangle (CST) element.

150
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N
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Fig. 1. Discretized cross section of the reinforced concrete column used in the simulation.

4. Compare and Choose the Best Model for Column

There is an existing stress-strain relationship for each data in Table. 1. And right after the
computation process is complete, axial stress-strain relationship can be obtained and compared
with the experimental data. Stress-strain curves in Fig. 2 to Fig. 8 represents a comparison
between three axial stress-strain relationship for selected specimen ID. For example the
compressive peak stress of confined concrete (f;) from experimental data, with specimen ID 2-
C-SC, is 73,5 MPa and the axial strain is 0,004. From the analysis as shown in Fig. 6, the
compressive peak stress from Attard-Setunge’s [2] model is 75,7 MPa which is higher than
experimental result. And the compressive peak stress from Mander’s et al [1] model is 72,9 MPa
which is slightly has the closest value to the experimental result. In general, comparison of stress-
strain curve between experimental data from all speciments ID and two models is shown in Fig.
2 to Fig. 8 as follows.
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Fig. 2. Axial stress-strain curve for specimen ID 5D and 6D
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Fig. 3. Axial stress-strain curve for specimen ID 7D and 8D
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Fig. 4. Axial stress-strain curve for specimen ID C-1-A6 and C-1-A7
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Fig. 5. Axial stress-strain curve for specimen ID C-1-B2 and C-1-B3
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Fig. 6. Axial stress-strain curve for specimen ID C-1-B15 and C-2-SC
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Fig. 7. Axial stress-strain curve for specimen ID 2-C-SA and 2-C-SH
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Fig. 8. Axial stress-strain curve for specimen ID 2-C-SD

Comparison between the value of axial peak stress (f,) experimental data of all speciments ID and
both models are summarized in Table. 2.

Table 2. Comparison of the Peak Stress from experimental data and both proposed model

Experimental Data Model
Specimen D SOMPD y 110 Setunga“Mander

5D 127.7 130.0 124.9

6D 126.6 138.0 128.3

7D 100.4 106.2 102.0

8D 90.6 96.6 93.0
C-1-A6 33.1 36.5 37.4
C-1-A7 38.9 36.5 37.4
C-1-B2 349 38.1 39.1
C-1-B3 41.4 38.1 39.1
C-1-B15 46.5 40.7 42.6
2-C-SC 73.7 75.7 72.9
2-C-SD 91.0 90.4 87.3
2-C-SA 68.5 71.8 69.1
2-C-SH 90.8 90.8 86.4

Moreover, the data in Table. 2 can be developed into a new chart and shows trendline from the
data plot of each specimen ID.
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Fig. 9. Comparison between axial peak stress (f,) from experimental data and both proposed model

Another comparison method by calculating the deviation between each axial stress value (f) at
every strain (¢) according to Fig. 2 to Fig. 8. The deviation can be statistically transformed into
Root Mean Square Deviation (RMSD) to choose the best model that can be used for another
reinforced concrete column analysis.

(17

RMSD = Z”: (fexperimenml - fmodel )2

i=1 n

The RMSD value can be obtained by appliying the formulation into every stress-strain
relationship in Fig. 2 to Fig. 8. And the conclution of RMSD result can be found in Fig. 10.
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Fig. 10. The value of RMSD from experimental data compared with Attard-Setunge’s and Mander’s
constitutive model.
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5. Results and Discussions

According to Fig. 9, there are two types of trendlines that can be compared. The first trendline
belongs to the comparison of peak stress (f,) from Attard-Stunge’s [2] model and experimental
data. It has an R square value of 0,9979. The second trendline belongs to the comparison of peak
stress (f,) from Mander’s et al [ 1] model and experimental data. It has an R square value of 0,9987.
The two R square value are close to 1, so the most suitable method is by comparing both linear
regressions with the reference line. According to Fig. 4, the second trendline is the most closely
resembles the reference line. It means that the peak stress (f,) value of the Mander’s et al [1]
model, from mathematical simulation, has the most similar value with the peak stress (f,) of the
experimental data.

As shown in Fig. 10, there are two RMSD value in every Specimen ID. The dot icon represents
the RMSD value obtained from the Attard-Setunge’s [2] stress-strain curve compared to the
experimental stress-strain curve. And the rectangular icon represents the RMSD value obtained
from the Mander’s et al [1] stress-strain curve compared to the experimental stress-strain curve.
RMSD is commonly used to measure the difference between two sets of data, in this research it
is two sets of stress-strain curve. A smaller RMSD value represents a more similar form between
two stress-strain curves. Form Fig.10 contain eight specimen ID that have smaller RMSD values
obtained from Mander’s et al [ 1] model compared to the experimental data. With a smaller RMSD
value, the Mander’s et al [1] model represents a more similar form. So that, Mander’s et al [1]
model is preferable to be used in further research about reinforced concrete rectangular column.

Meanwhile in fig. 10, the specimen ID 5D, 6D, 7D and 8D have a very large RMSD value
compared to other specimen ID. This indicates a huge difference forms between the models and
the experimental data. This can be caused by the configuration of transverse reinforcement that is
too tight as shown on the Table. 1. This affects the behavior of the column to be too ductile and
requires a large strain to reach the ultimate axial stress. It can be proven by see Fig.2 and Fig. 3
where the model has an ultimate condition earlier than the experimental results, which have not
even reached the ultimate condition.

6. Conclusion

There are many parameters that can be extracted from the results of the fiber-based cross-sectional
analysis in MATLAB, such as column interaction diagram; moment-curvature, load-deflection,
and stress-strain relationships. However, only the axial stress-strain relationship is obtained from
the computational process described in this paper. Because research on the stress-strain
relationship constitutive model is the most commonly parameter used by researchers to describe
the behavior of concrete. So that in order to analyze the confined concrete behavior, a comparison
between the stress-strain model and the existing experimental data is shown. The peak stress (f;)
value from Mander’s et al [1] model, from mathematical simulation, has the most similar value
with the peak stress (f,) from experimental data. There are eight specimen ID that have smaller
RMSD values obtained from Mander’s et al [1] data compared to experimental data. According
to the total amount of Specimen ID, it was found that Mander’s et al [1] constitutive model has a
more similar form compared with Attard-Setunge’s [2] constitutive model. Therefore Mander’s
et al [1] constitutive model is prefered to be used in further analysis problem concerning
reinforced concrete column. Furthermore, the use of stress-strain curves as a comparison tool is
the begining of another larger research.

Acknowledgements

The authors acknowledge the emotional support provided by family and friends in UPN “Veteran”
East Java.

Journal of Advanced Civil and Environmental Engineering 102



Nia Dwi Puspitasari and Aulia Dewi Fatikasari

References

[1]
(2]
[3]

[4]

[3]

(6]

[7]

Mander, J. B., Priestley, M. J. N., Park, R. (1988), Theoretical Stress-Strain Model for
Confined Concrete, Journal of Structural Engineering, 114(8), 1804-1826.

Attard, M. M. and Setunge, S. (1996), Stress-Strain Relationship of Confined and
Unconfined Concrete, ACI Material Journal, V, 93(5), 432-441.

Richard, F. E. Brandzaeg, A. and Brown, R. L. (1929), Failure of Plain and Spirally
Reinforced Concrete in Compression, University of Illinois at Urbana Champaign, College
of Engineering. Engineering Experiment Station.

Mitchel, D. , and Paultre, P. (2002), Experiments on Seismic Response of High-Strength
Concrete Members, 4th Structural Specialty Conference of the Canadian Society for Civil
Engineering.

Zeng, X. (2017), Finite Element Analysis of the Behaviour of Reinforced Concrete Columns
Confined by Overlapping Hoops Subjected to Rapid Concentric Loading, Civil
Engineering Journal, (4).

Sharma, U. K., & Bhargava, P. (2005), Behavior of Confined High Strength Concrete
Columns under Axial Compression, Journal of Advanced Concrete Technology, 3(2), 267-
281.

Piscesa, B. , Suprobo, P. and Samani, A. (2017), Investigation on the Fiber Based Approach
to Estimate the Axial Load Carrying Capacity of the Circular Concrete Filled Steel Tube
(CFST), 10P Conference Series: Materials Science and Engineering, 267(1), 012017. IOP
Publishing.

Journal of Advanced Civil and Environmental Engineering 103



